Reactive oxygen species mediates disialoganglioside GD3-induced inhibition of ERK1/2 and matrix metalloproteinase-9 expression in vascular smooth muscle cells.
Sialic acid containing glycosphingolipids (gangliosides) are thought to play important roles in the function of various biological phenomena such as atherosclerosis. We have previously shown that the overexpression of the disialoganglioside (GD3) synthase gene effectively suppresses cell proliferation, cell cycle progression, and MMP-9 expression in vascular smooth muscle cells (VSMC). However, the issue of how the overexpression of GD3 synthase gene results in the inhibition of cellular responses in VSMC remains unclear. The findings herein demonstrate that overexpression of the GD3 synthase gene suppresses VSMC responses through the generation of reactive oxygen species (ROS). Superoxide and hydrogen peroxide were generated at increased levels in GD3 synthase gene transfectants in comparison with empty vector (EV) -transfected VSMC. This phenomenon was blocked by antioxidants such as N-acetyl-L-cysteine (NAC) and pyrrolidine dithiocarbamate (PDTC). Increased ROS generation was associated with a decreased endogenous antioxidant activity, increased lipid peroxidation, and mitochondrial DNA damage. Further studies revealed that the blockade of ROS function with antioxidants reversed the effect of GD3 synthase gene overexpression on VSMC proliferation and cell cycle regulation in response to platelet-derived growth factor (PDGF). In addition, we found that treatment with antioxidants reversed the decreased matrix metalloproteinase-9 (MMP-9) expression in response to TNF-alpha as determined by zymography and immunoblot in GD3 synthase gene transfectants. This recovery effect was characterized by the up-regulation of MMP-9 promoter activity, which was transcriptionally regulated at NF-kappaB and activation protein-1 (activating protein (AP) -1) sites in the MMP-9 promoter. These findings suggest that ROS may play a role in GD3 synthase gene-mediated VSMC phenotypic changes that may contribute to plaque instability in atherosclerosis.